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. Principle of Forced Gyroscopic Stovilizatica 


In designiag gyroscope supporta and in general construction, two different, 
principles are employed to take reading’ from gyroscopic apparatus and stabdi- 
lizsers. The firet of these principles consists of the maximum load-relieving 

' of the gyroscopic sensitive element from the disturbing forces which may have 
caused the element's declination from the position to be maintained. To do 
this, various, rather latricate antifricticnal devices are employed, and the 
readings are taken from the minimm mechanical load of the sensitive element. 
Both problems are often solved with the help of a tracking system, which re- 
produces all the sensitive elerent's movements relative to the ship or air- 
plane in which the epparatus igs set up. One of the difficulties consists in 
the fact that the errors in the sensitive element are accumulated clong with 
the errors in the tracking system and tie high statility of the gyroscopic 
system cannot be fully utilized. 


The other principle may be called the principle of forced stabilizers and 
consists of employing a luad-relieving servomotor or electromagnete which 
contribute forces that compensate for the frictional forces in the supports 
and the slow reaction of the apparatus in tranemitting the readings. To con- 
trol or regulate automatically the load-relieving of the apparatus, smali 
relative movements are utilized in the system of the gyroscopic sensitive 
elenent. Such movements are caused by the disturbing forces. 
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During these movements, i.orsover, gyroscopic moments arise which reect 
against the disturbing force and govern the stabilization at the first mo- 
ment, so long as the load-relieving anparatus is not operating. In this case 
there is no need, either for the tracking system or for a super delicate de- 
signing of the external supports of the sensitive element, and the readings 
can be taken immediately with it. Here the frame of the gyroscopic sensitive 
element useumes, at *he same time, the role of the tracking aystem. 


As exanple.of a forced stabilizer is the well-known gyroscopic bodometer 
the description of which is in EB. Sperry's book /17.. The book alse eiows 
that, with the aid of two such Sperry stabilizers, it is possible to obtain an 
artificial horizon; that is, a platform able to be maintained in a position 
close to the horizontal. 


Equations of Motion or a Ferced Gyroscopic Horizon | 


7 One cf the possible schemes is presented in the appended figure. The » 

axis of the Carden wheel is directed along the longitudinal axis of the ship. 

The stabilizable vlatform can be rotated relative to the wheel around the sec-. 

ond Cardan x axis. The angles of rotation around these axes cre uenoted by 

alpha and beta and are agseused to be small. §f, and 5, are the load-relieving . 
motors. The §yplane of the true coordinete syatem $y ¢, which ia connected 

with the ship, “is assumed to be horizontal. ee 


The xy plane o: the eecond coordinate zystem xyz is "the plane of the ate 
form. The housings of the four gyroscopes of natural moments 2 Lo Aly ee 
can rotate relative to the platform around the perpendiculars to their es. Bo 
that the axes of rotation of the gyroscope remain in the xy plane. Since tue 
housings are joined in pairs as antiparallelograms, then for small angles of 
precession «,,,' of the frist two gyroscopes we have epproximately the re- 
lation >» =— '. Analogously, for the other two gyroscopes we have T==' —T.- 
The arrows i, and Hi in the diagram represent also the slide runners of the 
pov_ntiometers, whith control the pees vet teveee. motors. The moments, trans. 
ferable by the motors to the Carian axes, are S, T-5 Sy or , where Gy and By. 
are considerea constant. 


In order to create the regulating forces, the horizontal pepdulums Ky and 
N are employed, which regulate the motors E, and Ey placed on the precersional 
es of the gyroscopes. During any movement of the ship of constant velocity 
v with respect tc the ship course, making a constant angle 4 with the direction 
of the north, the inclinations of the pendulums are proportional to the pro- 
jections px and p@ of the weight p of the pendulum bob vpon the axes X ond 
y. If the speed is changed and the ship's trajectory has a radius of curvature 
, then the pendulums are acted upon by other forces; namely, the forces 
of inertia pv°/ge, ose PUB, Therefore the moments generated by the regulating 
motors are K,. (ate (@—# ), where and K, are assumed to be 
constant and w = ein ae Seas velocity of circulation (ship's turning on 
the arc of radius R). 


As for the equations of motion, it is possible to connect the equations 
of moments relative to the *, y, axes for the whole system and the equations of 
moments relative to the whole precession for the gyroscopic pairs H,, H'x, and 
Hy, B 
y? 


-Bé=+ Sxt, Aa=Ty—Syo, 
T+Kx(a+ $4)=0 A+ky (e—$ )=2. 
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Bere A, B ere the moments of inertia of the whole system relative to tne x, 
y exes and the inertiel terms of form C,5> » Go +: in the two latter equatione 
are disregarded, ln as much ag the corresponding masses are not lerge; | X, 

2 1, [ 2 are the gyroscopic moments, whose expressions may be obtained 
froh’the formulas (2.10) in the article by Ya. N. Roytenberg [2 7. Designating 
the angular velocity of the earth's rotation by U, the earth's radius by R, 
the latitude of the place by G , taking into consideration the various dis- 
$inctions in the remaining designations, and assuming that Hy, = H'y; Hy . Hy, 
then we shalt find that: : 


T= 2HxcUsin P+ w)+2HyT, 
T= 2H [Ueos cos ppAa—CUsin peel 
T= 2 Hy [eos 9 sin YR +é +(Using+w)a). 


4 
PORTERS. 
oS Rt 































Tee 2Hy TU sin @ FI 2A ae 


Substituting in the equations of motion and disregarding the products of 


U ein fp by x, Bsa +r owe then cbtain: 
—B fim 2H,wo t2hyt t5x% Ada 2Hywr-2Heg —~Sy% (1) 
DH, (Ue peor pp amet Kala + Ht) =O esse 
ZH, (Uces 9 sin pte +64 awa)+Ky (e-$) =2. 


Hence it is seen that, if a skip moves with constant velocity with re- 
snect to 9 constant course (vase const, Peeconst, Vor co om 0), then the coordi- 
nates a 2,0, uvary aperiodically end tend to a constant l_miting veljue 


ae MN em 
: v STS. 
By By Vr ve wees 





ees Bint pees » pte aes) (3) 
Nx y 


quantities are velocity deviations; they are small if xy, ave rufficiently 
large. For v oof O and w =e O the apparatus receives seve al ballistic de- 
viations which can be studied by the usual methode o 37. 


Possibility of Obta’ as Gy-Minute Period and of Compensating for Ballistic 
Deviations 


We shal}. mudify the preceding scheme by uniting the pendulum K, with the 
gyroscopic mL H', and the pendulum with the gyroscopic H,, H'y. Equations 
(1) are not Modified, but in equstions’(2) the expreseivas Kyla-+- ) and 
a( 6 — Fe ) will vary siightly in places where we effect connections in such a 

x that the second expression has the minus sign. Assuming that: 


Ky Kx 
3h 2k (4) 
ae: 3 4 
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we obtain instead of (2) 
bd—(h+w) @= —Ucos pees g- 


B+(k + a)a=—Ueos psin p—-%— Age; 





on 
wi 
~~ 






or by. setting 


‘ 


' == C-+ 78, - 
* + 76 (6) 






and multiplying by 1 and 1 and then adding, we obtain: 


. $ : - fi Sy 
Bi (Rp alae —Ueor p sit Bae ¥ is 







We are then led to a new wimown: 





ee iag te bt 
Ca RZ", 






(8) 


where the quan*ity 





sles, (iVeos¢ et P_ zz 
R . (9) 





is the velacity deviation; we . ote that pos —w and we write 


o 
vav\/¥ = 1 244:104 sec —'; 
(10) 


hence, we obtain the following transformation equation ! 






Pika) C= - 2 (1-8) opie). (a) 


Tf we celect the paramters such that k - ay , then the equetioz be- 
comes homogeneous. This indicates that the apparatus in thio case does 20% 
possess bellistic deviations. Thus for the given system compensation is 
possible according to M. Shuler, gince the system acts during compensation 
as a gyroscopic pendulum with @ pericd of pz zcexsion: 
















ee iees ad 
T = sae 644 pinnect Ss. (12) 


It does not present any difficulties to provide for dampening of the - 
free procession. In order to do tnis, it is necessary to combine both of 
the discussed verients of the system by joining each of the pendulums with 
both gyroecopic pairs and by selecting in e suitable manner the  ransmission . 


ratios of signals. 
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